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BRIEF  ASSESSMENT 


The  Lower  Groveton  Dam  is  a  run-of-the-river  timber  crib  stone 
fill  dam  with  timber  crib  abutments  and  gate  works.  The  dam  has  an 
overall  length  of  approximately  210  feet  and  is  15  feet  high.  Under 
normal  flow  conditions  the  dam  impounds  approximately  150  acre-feet 
and  has  a  drainage  area  of  251  square  miles. 

The  dam  is  classified  as  small  and  of  low  hazard  in  accordance 
with  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams, 
Department  of  the  Army,  November  1965"  consequently  a  test  flood  of 
100-year  exceedance  interval  was  utilized  for  this  report.  The  test 
flood  outflow  was  assumed  equal  to  the  test  flood  inflow  of  13,500 
CFS.  The  spillway  capacity  of  3426  CFS  represents  only  25  percent 
of  the  test  flood  (assuming  flood  gates  are  inoperable,  see  text). 
The  test  flood  would  result  in  overbank  flow  around  the  right  abut¬ 
ment  of  approximately  3.5  feet  deep.- 

The  dam  was  found  to  be  in  poor  structural  condition  based  on 
a  limited  visual  inspection.  The  following  significant  findings 
were  determined  during  the  investigation: 

1.  There  are  indications  of  settlement  at  the  left  side  of 
the  spillway. 

2.  An  area  of  water  boiling  was  found  downstream  of  the  left 
abutment . 

3.  The  wooden  members  of  both  abutments  and  gate  works  are 
showing  signs  of  extensive  deterioration  which  may  render 
the  structure  unstable  in  the  near  future. 

4.  The  spillway  section  could  not  be  inspected  because  of  the 
water  flowing  over  it  at  the  time  of  inspection. 


•  ••••• 
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The  Lover  Groveton  Dam  is  in  poor  condition  and  subject  to  con¬ 
tinued  deterioration  and  possible  failure  during  major  storm  flows. 

A  detailed  assessment  and  recommendations  for  remedial  action  are 
contained  in  Section  7  of  this  report.  In  summary  it  is  recommended 
that  the  following  actions  be  instituted  under  the  guidance  of  a 
qualified  engineer  within  one  year  of  the  receipt  of  this  report: 

1.  Repair  and/or  reconstruct  the  abutments  and  gate  works. 

2.  Perform  a  detailed  inspection  of  the  spillway  with  the 
reservoir  dewatered.  Determine  the  structural  condition 
of  the  planking  and  timber  members  and  of  the  foundation 
soils  and  make  corrective  repairs  where  needed. 

3.  Assess  the  significance  of  the  water  boil  at  the  left 
abutment  and  the  leakage  in  the  right  gate  structure  and 
take  appropriate  remedial  action  if  required. 

4.  Institute  a  program  of  annual  periodic  technical  inspections 

An  alternative  to  the  above  recommendations  would  be  the 
removal  of  the  dam.  Prior  to  considering  this  course  of  action, 
the  utilization  of  the  dam  for  ice  flow  regulation  should  be 
investigated. 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Inves¬ 
tigations.  Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose 
of  a  Phase  I  Investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment 
of  the  general  condition  of  the  dam  is  based  upon  available  data 
and  visual  inspections.  Detailed  investigations,  and  analyses  in¬ 
volving  topographic  mapping,  subsurface  investigations,  testing  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
Investigation;  however,  the  investigation  is  intended  to  identify  any 
need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  aam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions  and 
is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition 
of  the  dam  at  some  point  in  the  future.  Only  through  continued  care 
and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydro- 
logic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  Spillway  Test  Flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  Because  of  the  magnitude  and  rarity 
of  such  a  storm  event,  a  finding  that  a  spillway  will  not  pass  the 
test  flood  should  not  be  interpreted  as  necessarily  posing  a  highly 
inadequate  condition.  The  test  flood  provides  a  measure  of  relative 
spillway  capacity  and  serves  as  an  aid  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage  potential. 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 
NAME  OF  DAM:  LOWER  GROVETON 


SECTION  1  -  PROJECT  INFORMATION 


1.1  General 


a.  Authority 

Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary 
of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
National  Program  of  Dam  Inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers 
has  been  assigned  the  responsibility  of  supervising  the 
inspection  of  dams  within  the  New  England  Region.  Dufresne- 
Henry  Engineering  Corporation  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  State  of  New  Hampshire.  Authorization  and  notice  to 
proceed  were  issued  to  Dufresne-Henry  Engineering  Corporation 
under  a  letter  of  November  20,  1978  from  Max  B.  Scheider, 
Colonel,  Corps  of  Engineers.  Contract  No.  DACW33-79-C-0010 
has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of  non- 
federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely 
manner  by  nonfederal  interests. 

(2)  Encourage  and  prepare  the  states  to  initiate  quickly 
effective  dam  safety  programs  for  nonfederal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory 
of  Dams. 

1.2  Description  of  Project 

a.  Location 

The  Lower  Groveton  Dam  is  located  on  the  Upper  Ammonoosuc 
River,  in  the  Town  of  Groveton,  Coos  County  and  is  in  the 
Connecticut  River  basin.  The  dam  is  located  approximately 
.25  miles  upstream  of  the  junction  of  the  Connecticut  and 
Upper  Ammonoosuc  Rivers. 

b.  Description  of  Dam  and  Appurtenances 

The  Lower  Groveton  Dam  is  a  run  of  the  river  dam,  approxi¬ 
mately  210  feet  long  with  a  maximum  height  of  15  feet. 


The  spillway  is  a  115-foot  long  timber  crib  and  stone 
dam  with  complete  wood  planking.  The  dam  abutments  are 
timber  crib  structures  which  include  flood  gates  for  the 
dam.  The  left  abutment  includes  two  11-foot  wide  gates 
and  the  right  abutment  includes  one  12-foot  wide  gate. 
Gate  houses  are  located  on  both  abutments  which  contain 
the  gate  operating  apparatus.  Under  normal  conditions, 
the  gates  are  closed  and  the  water  level  is  controlled 
by  the  main  spillway.  A  power  house  originally  located 
just  upstream  of  the  right  abutment  was  demolished  in 
1969.  The  intake  channel  and  outlet  works  were  filled  in 
and  riprap  was  placed  on  the  embankments* 

Size  Classification 


The  Lower  Groveton  Dam  has  a  maximum  height  of  15  feet  and 
an  estimated  maximum  impoundment  of  275  acre-feet.  The 
USCE  Guidelines  place  dams  with  maximum  heights  less  than 
25  feet  and  storage  capacities  between  50  and  1000  acre- 
feet  in  the  small  size  category.  Therefore,  the  size 
classification  of  the  Lower  Groveton  Dam  is  small. 

Hazard  Classification 

A  failure  of  the  Lower  Groveton  Dam  would  route  the  result¬ 
ing  flood  waters  into  the  downstream  channel  of  the  Upper 
Ammonoosuc  River.  This  section  of  the  river  has  a  wide, 
well  formed  channel  with  a  low  stream  gradient.  The  maxi¬ 
mum  flood  wave  would  be  only  5  feet  high  and  would  quickly 
be  dissipated  without  overbank  flow.  There  would  be  no 
loss  of  life  or  economic  damage  resulting  from  the  failure 
of  the  Lower  Groveton  Dam.  Therefore  the  hazard  classifi¬ 
cation  of  this  dam  is  low. 

Ownership 

The  present  owner  of  the  Lower  Groveton  Dam  is: 

Groveton  Papers  Company 
Groveton,  New  Hampshire  03582 


Operator 

The  operation  and  maintenance  of  the  dam  is  under  the  super¬ 
vision  of: 

Mr.  Michael  LeDuc,  Plant  Engineer 
Groveton  Papers  Company 
Groveton,  New  Hampshire  03582 


Telephone:  603-636-1154 


The  original  purpose  of  this  dam  was  power  generation. 

The  power  house,  rated  at  200  kilowatts  was  located  adja¬ 
cent  to  and  just  upstream  of  the  right  abutment.  In  1969 
the  power  house  was  demolished  and  filled  in. 

The  reservoir  pool  extends  upstream  into  the  Town  of  Grove- 
ton.  At  the  present  time  the  Groveton  Papers  Company  is 
maintaining  the  dam  for  aesthetic  purposes  and  for  future 
consideration  in  the  event  that  hydropower  again  becomes  a 
viable  energy  alternative. 

h.  Design  and  Construction  History 

Design,  construction  and  maintenance  records  are  not  avail¬ 
able  fur  this  dam.  Some  data  has  been  obtained  from  state 
inspections  performed  in  1936  and  1972.  The  only  significant 
structural  change  noted  was  the  deactivation  and  demolition 
of  the  power  house  in  1969.  The  dam  appears  to  be  unchanged 
since  its  original  construction  prior  to  1936. 

i.  Normal  Operating  Procedures 
The  flood  gates  are  operated  to  suit  river  flow  conditions. 

1.3  Pertinent  Data 


a.  Drainage  Area 

The  drainage  area  above  the  Lower  Groveton  Dam  contains 
approximately  250  square  miles  of  rolling  hills  and  moun¬ 
tainous  terrain.  Approximately  5C  percent  of  the  area  is 
within  the  White  Mountain  National  Forest.  The  Upper 
Ammonoosuc  River,  which  is  the  main  water  course  of  the 
drainage  area,  has  a  length  of  22  miles.  Elevations  vary 
from  1000  feet  along  the  Upper  Ammonoosuc  River  to  4000 
feet  at  the  ridge  of  the  Pilot  Mountain  Range  in  the  White 
Mountain  National  Forest.  The  soils  are  predominantly 
glacial  till  overlying  bedrock  and  hardpan  within  3  feet  of 
the  surface. 

b.  Discharge  at  Dam  Site 
(1)  Outlet  Works 


None. 


(2)  Maximum  Known  Flood  at  Dam  Site 


of  Groveton,  occurred  on  May  20,  1969.  This  flood  flow 
of  24,100  CFS  was  the  result  of  a  failure  of  the  Nash 
Bog  Pond  Dam  located  on  Nash  Stream,  a  tributary  to  the 
Upper  Ammonoosuc  River.  This  flow  is  equivalent  to  a 
gauge  height  of  12.01  feet.  The  maximum  known  storm 
related  flow  occurred  in  March  1936,  but  was  not  recorded 
on  the  Upper  Ammonoosuc  because  the  gauge  was  not  in¬ 
stalled  until  1940.  Based  on  water  marks  from  that 
storm  compared  to  the  existing  gauge,  the  March  1936 
flow  was  approximately  12,000  CFS. 

(3)  Spillway  Capacity 

The  maximum  spillway  capacity  of  the  timber  crib  spill¬ 
way  is  approximately  3,426  CFS  without  the  flood  gates. 

If  the  flood  gates  were  open  the  capacity  would  increase 
to  6,828  CFS.  Based  on  the  visual  inspection,  there  is 
some  question  as  to  the  future  operational  status  of 
the  flood  gates.  The  timber  crib  abutments  and  gate 
piers  are  experiencing  extensive  deterioration  due  to 
age  and  arosion.  Some  horizontal  and  vertical  movement 
has  already  occurred  in  the  piers  and  further  movement 
is  anticipated  in  the  future  unless  remedial  action  is 
taken.  This  movement  will  eventually  cause  misalignment 
of  the  gate  channels  and  render  the  gates  inoperable. 

The  spillway  capacity  of  3,426  CFS  represents  25  per¬ 
cent  of  the  test  flood  of  13,500  CFS. 

c.  Elevations 

(Based  on  an  assumed  bench  mark  of  96.0  at  the  top  of  the 

right  railroad  bridge  abutment.) 
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Streambed  at  Centerline  of  Dam 

Maximum  Tailwater 

Upstream  Portal  Invert 

Recreation  Pool 

Full  Flood  Control  Pool 

Spillway  Crest 

Design  Surcharge 

Top  of  Dam 

Test  Flood  Surcharge 

d.  Reservoir 

Length  of  Maximum  Pool 
Length  of  Recreational  Pool 
Length  of  Flood  Control  Pool 


74± 

Variable 

Not  applicable 

84.7 

89.3 

84.7 

Not  known 
89.3 

92.8 

Feet* 

3,500 

3,000 

3,500 


JK  • 


*Estimated  based  on  USGS  topographic  maps  and  visual  observations. 
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e.  Storage 


Acre-Feet* 


Recreation  Pool  150 
Flood  Control  Pool  275 
Test  Flood  Pool  370 
Spillway  Crest  Pool  150 
Top  of  Dam  275 

f.  Reservoir  Surface  Acres* 


Top  of  Dam  30 
Test  Flood  Pool  30 
Flood  Control  Pool  30 
Recreation  Pool  27 
Spillway  Crest  27 


g.  Dam 

(1)  Type 

Timber  crib  and  stone,  run-of -river  dam. 

(2)  Length 

Overall  200  +  feet. 

Spillway  -  115  feet. 

(3)  Height 

10  feet  at  spillway 
16  feet  to  top  of  abutment. 

(4)  Top  Width 
6  feet. 

(5)  Side  Slopes 
Not  applicable. 

(6)  Zoning 
None  known. 

(7)  Impervious  Core 


Not  applicable. 


*Estimated  based  on  USGS  topographic  maps  and  visual  observations 


Not  applicable. 


i.  Spillway 

(1)  Type 

Timber  crib  broad  crested  weir,  run-of-river  dam. 

(2)  Length 
115  feet. 

(3)  Crest  Elevation 
84.7 

(4)  Gates 
None. 

(5)  Upstream  Channel 

Upper  Ammonoosuc  River,  approximate  width  -  210  feet. 

(6)  Downstream  Channel 

Upper  Ammonoosuc  River,  approximate  width  -  200-300  feet, 
railroad  bridge  200  feet  downstream  (see  section  3.1.e). 

j .  Regulating  Outlets 

The  dam  contains  three  waste  gates.  Two  11'  x  4'  gates  are 
located  at  the  left  abutment  and  one  12'  x  6’  gate  at  the 
right  abutment.  Although  the  gates  are  operational  at  the 
present  time,  their  future  operation  is  in  doubt  because  of 
the  deteriorated  condition  of  the  gate  piers  and  abutments. 

The  two  left  hand  gates  are  equipped  with  electric  operators 
while  the  right  side  gate  is  a  hand  operated  mechanism. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  Design 

A  timber  or  log  crib  dam  is  made  of  wood  members  bolted  into 
cribs  and  filled  with  rock.  This  type  of  dam  usually  leaks 
considerably  and  its  resistance  against  sliding  is  reduced  by 
buoyant  forces  which  decrease  the  effective  weight  of  the  dam. 

A  relatively  long  sloping  approach  apron  is  also  utilized  to 
increase  the  resistance  to  sliding  and  reduce  leakage.  The 
life  span  of  a  timber  crib  dam  varies  between  10  and  40  years 
depending  upon  climatic  conditions,  amount  of  maintenance  per¬ 
formed  and  type  of  timber  used.  Cedar,  redwood  and  cypress  are 
the  most  durable  timbers. 

All  design  and  original  construction  data  for  this  dam  have 
either  been  destroyed  or  cannot  be  located  by  the  Groveton 
Papers  Company. 

2.2  Construction 

According  to  the  records,  this  dam  was  constructed  between  1910 
and  1920.  The  timber  crib  structure  was  built  on  an  earth 
foundation  and  tied  into  timber  crib  abutments  at  each  abutment. 
Figure  2  was  drawn  from  visual  observations  and  data  obtained 
from  the  New  Hampshire  Water  Resources  Board  and  represents 
approximately  the  dam  as  it  now  exists. 

2. 3  Operation 

The  dam  is  not  being  operated  at  the  present  time. 

2.4  Evaluation 


a.  Availability 

The  design  and  construction  records  for  this  dam  are  not 
available. 

b.  Adequacy 

The  lack  of  in-depth  engineering  data  does  not  allow  for  a 
definitive  review.  Therefore,  the  adequacy  of  this  dam, 
structurally  and  hydraulically  cannot  be  assessed  from  a 
review  of  design  calculations,  but  must  be  based  primarily 
on  the  visual  inspection  and  sound  hydrologic  and  hydraulic 
engineering  judgment. 

c.  Validity 

Not  applicable. 


•  •  • 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  Findings 

a.  General 


The  on-site  inspection  of  the  Lower  Groveton  Dam  was  per¬ 
formed  on  November  16,  1978.  Water  was  flowing  over  the 
dam  during  the  inspection,  preventing  complete  visual 
observation  of  the  timber  crib  structure.  No  emergency 
conditions  were  observed  on  the  day  of  the  inspection. 

b.  Dam 

Because  of  the  amount  of  water  flowing  over  the  dam,  little 
can  be  said  about  the  details  of  the  structure  other  than 
general  comments  about  alignment  and  overall  condition. 

The  dam  appears  to  be  in  fair  condition.  All  portions  of 
the  dam  are  intact  and  the  dam  is  completely  covered  with 
timber  planking  which  is  in  good  condition. 

There  appears  to  be  some  settlement  on  the  left  side  of  the 
dam.  Approximately  ten  feet  of  the  dam,  adjacent  to  the 
left  abutment  is  .35  feet  lower  than  the  other  portions  of 
the  dam.  The  settlement  can  be  seen  in  Photo  1. 

c.  Appurtenant  Structures 

Timber  crib  gate  works  are  located  at  both  ends  of  the 
spillway.  The  gate  works  also  serve  as  the  spillway  abut¬ 
ments.  The  left  gate  works  contains  two  11-foot  wide  gates 
and  sluiceways.  The  timber  crib  structure  is  in  poor  con¬ 
dition.  The  center  crib  is  leaning  at  an  approximate  angle 
of  6°  (see  Photo  3).  Two  steel  I-beams  have  been  placed 
across  the  top  of  the  structure  in  an  attempt  to  prevent 
further  tilting.  Rotting  timbers,  within  the  structure 
appear  to  be  causing  the  leaning,  but  poor  foundation 
material  could  also  be  a  contributing  factor.  All  sections 
of  the  crib  structure  are  showing  signs  of  advanced  deteri¬ 
oration  due  to  rotting  timbers,  missing  planking  and  ice 
damage  (see  Photos  4,  5  and  6).  Significant  leakage  is 
occurring  around  both  gates  (see  Photo  4).  The  exact  cause 
of  this  leakage  could  not  be  determined  during  the  inspection 
because  the  upstream  side  of  the  gates  and  channels  were 
under  water. 

The  crib  sections  of  the  left  gate  works  were  originally 
covered  with  planking.  Most  of  the  planking  is  missing, 
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due  either  to  natural  erosion,  rotting,  etc.,  or  vandalism. 
The  remaining  planking  is  in  poor  condition,  especially 
the  sluiceway  walls  which  are  rotting  and  are  damaged  by 
ice. 

An  area  of  water  boiling  was  noted  at  the  base  of  the  far 
left  crib  section  which  ties  the  gate  works  to  the  river 
bank  (see  Photo  7) .  The  boiling  water  exits  the  river  bank 
below  the  downstream  water  surface.  The  boiling  water  did 
not  appear  to  contain  any  sand  or  other  soil  particles,  but 
this  could  not  be  confirmed  by  a  visual  inspection.  Sand 
may  be  present,  but  may  settle  out  before,  reaching  the  water 
surface . 

A  wood  frame  building  spans  the  crib  gate  sections  and  con¬ 
tains  the  gate  lifting  mechanisms.  The  electrical  lifting 
apparatus  was  reported  to  be  in  good  working  condition. 

The  effect  of  the  leaning  crib  on  the  gate  operation  could 
not  be  determined  without  actually  operating  the  lifting 
mechanism. 

The  right  gate  works  is  similar  in  construction  and  condition 
to  the  left  facility,  but  only  one  12-foot  wide  gate  exists. 
The  crib  sections  are  in  poor  condition  with  several  rotted 
timbers  and  missing  planking  (see  Photo  8) .  The  gate  house 
is  a  sheet  metal  building  containing  a  hand  operated  lifting 
mechanism,  which  appears  to  be  in  good  operating  condition. 

A  significant  amount  of  water  is  flowing  around  and  under 
the  right  abutment  (see  Photo  9). 

Reservoir  Area 

The  impounded  pool  extends  upstream  into  the  Town  of  Groveton 
The  river  banks  are  in  good  condition  and  there  are  no  signs 
of  recent  erosion. 

The  original  power  house,  located  on  the  right  bank  just  up¬ 
stream  of  the  dam  was  demolished  in  1969.  The  foundations 
and  intake  facilities  were  filled  in  and  the  river  banks 
were  covered  with  riprap.  This  area  is  presently  being  used 
as  a  storage/dumping  area  for  old  miscellaneous  equipment 
and  process  machinery. 

Downstream  Channel 

The  downstream  channel  consists  of  the  natural  river  bed 
of  the  Upper  Ammonoosuc  River.  A  single  track  railroad 
bridge  spans  the  river  approximately  200  feet  downstream 
of  the  dam.  The  dimensions  of  the  bridge  opening  are 
approximately  160'  x  13'.  The  bridge  abutments  and  river 
banks  are  in  good  condition  and  show  no  signs  of  recent 
erosion  (see  Photo  10) . 


3.2  Evaluation 


A  complete  visual  evaluation  of  the  dam  was  not  possible  because 
of  the  water  flowing  over  the  dam  at  the  time  of  inspection. 

From  outward  appearances,  the  dam  spillway  appears  to  be  in  fair 
condition  with  the  exception  of  the  left  side  which  has  settled 
approximately  four  inches.  The  condition  of  the  abutments  and 
gate  works  was  found  to  be  poor.  Deterioration  of  the  crib  work 
is  extensive  and  is  beginning  to  have  adverse  effects  on  the 
structural  stability.  Planking  of  the  sluiceway  floor  and  walls 
is  rotting  and  is  being  damaged  by  ice  flow. 

An  apparent  seep  was  observed  immediately  downstream  of  the  dam 
next  to  the  left  abutment  as  evidenced  by  boiling  of  the  tail- 
water.  A  leak  was  observed  under  and  around  the  right  sluice 
gate  structure. 

The  leaning  crib  pier,  the  crest  settlement  and  the  leakage  at 
both  abutments  indicate  that  there  may  be  some  problem  with  the 
foundation  of  the  dam. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  Procedures 

There  are  no  established  operational  procedures  for  the  Lower 
Grove ton  Dam. 

4.2  Maintenance  of  Dam 

There  is  no  apparent  maintenance  being  performed  on  this  dam. 

4.3  Maintenance  of  Operating  Facilities 

The  maintenance  of  the  operating  facilities  consists  of  periodic 
inspection  and  operation  of  the  gate  lifting  mechanism. 

4.4  Description  of  Warning  System 
None  exists  for  this  dam. 

4.5  Evaluation 


The  lack  of  a  regular  maintenance  program  could  contribute  to 
serious  problems  in  the  near  future".  In  particular,  the  re¬ 
placement  of  deteriorating  planking  and  crib  work  at  the  abut¬ 
ments  is  essential  to  the  integrity  of  the  dam.  If  left  exposeo. 
to  water  erosion,  rotting  and  ice  flow,  the  structural  portions 
of  the  cribbing  may  fail  in  the  future.  See  Section  7  for 
recommendations  concerning  operation  and  maintenance. 


SECTION  5  -  HYDRAULIC  AND  HYDROLOGIC  EVALUATION 


5.1  Evaluation  of  Features 


a.  General 


The  Lower  Groveton  Dam  is  a  run-of~the-river  dam  with  a 
relatively  small  storage  volume.  The  storage  has  been 
further  reduced  by  significant  sedimentation. 

b.  Design  Data 

There  is  no  existing  design  data  available  for  this  dam. 

The  spillway  capacity  was  determined  using  general  dimen¬ 
sions  obtained  during  the  visual  inspection  and  from  file 
data.  A  spillway  capacity  of  3426  CFS  was  calculated  with¬ 
out  considering  the  flood  gates.  The  flood  gates  would 
increase  the  capacity  to  6828  CFS. 

c.  Experience  Data 

There  are  no  records  available  for  this  dam  other  than  the 
data  on  file  with  the  New  Hampshire  Water  Resources  Board. 

The  only  reference  to  flood  damage  was  in  the  October  27, 

1972  inspection  report  which  referred  to  the  removal  of 
the  power  house  and  some  repairs  to  the  right  gate,  following 
the  1969  Nash  Bog  failure.  It  can  be  safely  assumed  that 
this  maximum  known  flood  caused  extensive  damage  to  the 
power  house  and  right  side  embankment. 

d.  Visual  Observation 


The  visual  inspection  of  the  dam  revealed  a  considerable 
amount  of  displacement  of  the  timber  crib  piers  which  make 
up  the  left  abutment  and  gate  works.  Although  the  lifting 
mechanisms  appear  to  be  in  good  working  order,  the  opera¬ 
tional  status  of  the  gates  could  not  be  assessed.  The  dis¬ 
placement  of  the  crib  piers  may  render  the  gates  inoperable 
in  the  near  future  bv  disturbing  the  gate  and  gate  channel 
alignment. 

e.  Test  Flood  Analysis 

The  dam  is  classified  to  be  small  size  with  a  low  hazard 
rating.  In  accordance  with  USCE  Guidelines  a  test  flood 
of  100-year  exceedance  interval  was  selected  as  a  criterion 
for  this  study.  The  test  flood  outflow  was  assumed  equal 
to  the  test  flood  inflow  because  of  the  limited  storage 
available.  The  test  flood  of  13,500  CFS  was  calculated  from 
past  flow  data  from  USGS  Gauge  01080101  located  in  Groveton, 
3.2  miles  upstream  of  the  dam,  using  the  method  presented 


in  "U.  S.  Water  Resources  Council  Guidelines  -  Bulletin  17." 
(See  Appendix  D  for  computer  data  sheets.) 


Because  of  the  questionable  operating  status  of  the  flood 
gates,  the  effective  capacity  of  the  dam  is  limited  to  the 
main  spillway  capacity  of  3426  CFS,  which  is  only  25  per¬ 
cent  of  the  test  flood.  The  test  flood  of  13,500  CFS  would 
cause  extensive  overtopping  and  overbank  flow  around  the 
right  embankment.  The  overbank  flow  would  reach  an  approxi¬ 
mate  depth  of  3.5  feet  with  extensive  erosion  to  the  flat 
area  where  the  power  house  was  formerly  located. 

Dam  Failure  Analysis 

The  Lower  Groveton  Dam  is  a  run-of-the-river  dam  located  on 
a  stretch  of  the  Upper  Ammonoosuc  River  approximately  .25 
miles  upstream  of  its  junction  with  the  Connecticut  River. 
This  stretch  of  river  is  characterized  by  gentle,  slow 
moving  flow  with  a  nearly  flat  gradient.  Because  of  its 
proximity  to  the  Connecticut  River,  flat  gradient  and 
relatively  small  height,  the  dam  would  be  backwatered  during 
major  storm  events.  Any  failure  of  the  dam  under  major  storm 
flow  conditions  would  not  result  in  any  significant  flow 
increase. 

A  failure  during  low  flow  conditions  would  release  a  flood 
wave  approximately  5  feet  in  height.  This  flow  would  be 
contained  within  the  existing  river  banks  and  no  overbank 
flow  or  damage  would  result-. 


SECTION  6  -  STRUCTURAL  STABILITY 


6. 1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 


Based  on  the  limited  visual  observation,  a  complete  stability 
analysis  cannot  be  performed.  There  are,  however,  several 
visual  indications  that  the  abutments  and  gate  works  struc¬ 
tures  are  approaching  an  unstable  condition.  Most  of  the 
problems  enumerated  in  Section  3  are  related  to  the  deterio¬ 
ration  of  wood  members  and  possibly  to  erosion  or  displace¬ 
ment  of  the  foundation  soils.  Based  on  the  file  data  and 
record  photographs,  it  appears  that  these  members  are  the 
original  members.  This  would  place  the  age  of  the  wood 
between  50  and  60  years  old  which  is  considerably  beyond 
the  generally  accepted  life  span  of  this  type  of  wood  struc¬ 
ture.  It  can,  therefore,  be  assumed  that  the  deterioration 
of  the  wood  will  continue  and  an  unstable  structural  con¬ 
dition  will  develop  in  the  near  future.  The  leaning  crib 
section  may  have  resulted  from  the  deterioration  of  interior 
timber  members.  This  could  not  be  confirmed  because  of  the 
sluiceway  planking  which  prevented  a  direct  visual  observa¬ 
tion.  The  condition  of  the  exposed  timbers  leaves  consider¬ 
able  question  as  to  the  condition  of  the  spillway  which  was 
not  observed.  The  dam  should  be  dewatered  and  a  thorough 
inspection  performed  or.  the  spillway  before  any  final  evalu¬ 
ation  is  made. 

b.  Design  and  Construction  Data 
None  available  for  this  dam. 

c.  Operating  Records 
None  available  for  this  dam. 

d.  Post-Construction  Changes 

The  only  major  post-construction  change  associated  with  the 
Lower  Groveton  Dam  was  the  deactivation  and  demolition  of 
the  power  house  in  1969.  The  power  house  was  completely 
demolished  and  filled  in.  Intake  and  downstream  channels 
were  filled  and  riprap  was  placed  along  the  river  banks 
where  the  channels  were  located.  It  is  assumed  that  the 
four-foot  high  flashboards  were  removed  at  this  time. 

The  gate  house  on  the  right  side  has  been  replaced  in 
recent  years.  Originally,  a  wood  framed  structure  housed 
the  hand  operated  gate  lifting  mechanism.  This  has  been 


replaced  with  a  sheet  metal  building  (see  Photo  8).  The 
remaining  post-construction  changes  were  cosmetic  rather 
than  structural  and  related  to  routine  maintenance  or  the 
lack  thereof.  The  most  obvious  of  these  changes  is  the 
removal,  by  either  natural  forces  or  vandalism,  of  the 
planking  which  had  covered  all  of  the  exposed  crib  abut¬ 
ment  sections.  Photos  3,  5  and  6  show  the  exposed  timbers 
and  stone  fill  which  had  been  at  one  time  totally  covered 
with  planking. 

Seismic  Stability 


The  dam  is  in  seismic  Zone  2  and  in  accordance  with  recom¬ 
mended  Phase  I  Guidelines  does  not  warrant  seismic  analysis 


SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS/ 
REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition 

Based  on  the  records  and  visual  inspection,  the  abutments 
and  gate  works  of  this  dam  are  in  poor  condition  and  require 
reconstruction  and/or  replacement  to  maintain  the  dam's 
structural  integrity.  The  structural  wood  members  have  out¬ 
lived  their  structural  life  span  and  are  deteriorating.  The 
leaning  crib  section  is  ample  evidence  that  the  rotting  tim¬ 
bers  are  causing  structural  problems  and  movement  within  the 
crib  work.  If  this  condition  is  allowed  to  continue,  the 
gates  will  become  inoperable  and  total  failure  may  result 
during  high  flow  conditions. 

The  spillway  may  be  experiencing  similar  problems  from 
rotting  timbers  but  this  could  not  be  confirmed  because  of 
the  planking  and  water  flowing  over  the  dam  during  the  in¬ 
spection. 

b.  Adequacy  of  Information 

The  lack  of  in-depth  engineering  data  does  not  allow  for  a 
complete  definitive  evaluation.  Therefore,  the  adequacy  of 
this  dam,  structurally  and  hydraulically,  cannot  be  assessed 
from  the  standpoint  of  review  of  design  calculations,  but 
must  be  based  primarily  on  the  visual  inspection,  past  oer- 
formance  history  and  sound  hydrologic  and  hydraulic  engi¬ 
neering  judgment.  The  visual  observations  provided  adequate 
evidence  that  the  dam  is  experiencing  significant  structural 
deterioration  and  requires  remedial  measures  to  improve  its 
stability. 

c.  Urgency 

The  recommendations  given  in  Section  7.2  should  be  carried 
out  within  one  year  after  the  receipt  of  this  report. 

d.  Need  for  Additional  Investigation 

The  additional  investigations  described  in  Section  7.2 
should  be  carried  out. 

7.2  Recommendations 


It  is  recommended  that  an  Engineer  experienced  in  the  design 
of  timber  crib  dams  be  engaged  to  investigate  and  design  the 
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items  listed  below  and  that  a  contractor  repair  or  reconstruct 
the  dam  in  accordance  with  the  engineer's  recommendations: 

1.  Repair  and/or  reconstruct  the  abutments  and  gate  works. 


2.  Assess  the  structural  integrity  of  the  spillway  and  its 
foundation  through  further  observation  when  no  water  is 
flowing  over  the  spillway.  Perform  an  analysis  and  institute 
any  repairs  and/or  reconstruction  that  are  required. 

3.  Assess  the  significance  of  the  apparent  seep  at  the  left 
abutment  and  the  leak  around  the  right  gate  structure. 

7.3  Remedial  Measures 


a.  Operation  and  Maintenance 

Subsequent  to  the  repair  and/or  reconstruction  of  the  dam, 
an  annual  periodic  technical  inspection  and  repair  program 
should  be  instituted  to  replace  any  wood  members  which  have 
deteriorated  or  been  damaged  by  ice  action  or  vandalism. 

7.4  Alternatives 


An  alternative  to  the  above  recommendation  would  be  breaching 
the  dam.  Prior  to  considering  this  course  of  action,  the 
utilization  of  the  dam  for  ice  flow  regulation  should  be  in¬ 
vestigated. 

The  erosion  of  significant  sediment  behind  the  dam  and  the 
effects  on  downstream  areas  should  also  be  investigated. 


VISUAL  INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 


PROJECT  LOWER  GROVETON  DAM _  DATE  November  16,  1978 

TIME  10-12  A.M. 

WEATHER  Sunny _ 

W.S.  ELEV.  U.S.  DN.S. 


-• 


PARTY: 


1. 

James  H.  Mavnes 

D-H 

6.  • 

2. 

Sherward  G.  Farnsworth 

D-H 

7. 

3. 

James  A.  Dohrman 

D-H 

8. 

4. 

Gonzalo  Castro 

GEI 

9. 

5._ 

Ken  Stern.  N.H.  State 

10. 

PROJECT  FEATURE  INSPECTED  BY  REMARKS 


1 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT 


LOWER  GROVETON  DAM 


PROJECT  FEATURE 


DISCIPLINE 


November  16,  1978 


L 


AREA  EVALUATED 


EMBANKMENT  -  LOG  CRIB  WALL 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Laterial  Movement 

Vertical  Alignment 


Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at  or 
Near  Toe 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 

Foundation  Drainage  Features 

Toe  Trains 

Instrumentation  System 

Vegetation 


CONDITION 


See  Vertical  Alignment. 

None  observed. 

Section  next  to  left  gate  works  is  0.35 
feet  lower  than  right  end. 


Apparent  seepage  next  to  left  abutment. 
None  observed. 

None  known.  ' 

None  known. 

None  krtown. 
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PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  LOWER  GROVETON  DAM 


PROJECT  FEATURE 


DISCIPLINE 


DATE  November  16,  1978 


NAME 


NAME 


AREA  EVALUATED  CONDITION 

OUTLET  WORKS  -  INTAKE  CHANNEL  AND 
INTAKE  STRUCTURE 

a.  Approach  Channel  None. 

Slope  Conditions 

Bottom  Conditions 
Rock  Slides  or  Falls 
Log  Boom 
Debris 

Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 

b.  Intake  Structure 
Condition  of  Concrete 
Stop  Logs  and  Slots 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  LOWER  GROVETON  DAM _  DATE  November  16,  1978 

PROJECT  FEATURE _ _  NAME _ 

DISCIPLINE  NAME 


AREA  EVALUATED 

OUTLET  WORKS  -  OUTLET  STRUCTURE 
AND  OUTLET  CHANNEL 

General  Condition  of  Crib  Walls 

Rust  or  Staining 
Spalling 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  Holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 
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PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  LOWER  GROVETON  DAM 

DATE 

November  16,  1978 

PROJECT  FEATURE 

NAME 

I 

DISCIPLINE 

NAME 

1 

1 

AREA  EVALUATED 

OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  o£  Approach  Channel 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 

c.  Discharge  Channel 

General  Condition 

Loose  Rock  Overhanging  Channel 

Trees  Overhanging  Channel 

Floor  of  Channel 

Other  Obstructions 


•  ••••• 


CONDITION 


None . 


tone. 

Natural  river  bed. 

3ood . 

None  of  Significance. 
None  of  Significance. 
Not  observable. 

None  observed. 
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APPENDIX  B 


PROJECT  RECORDS  AND  PLANS 


A.  List  of  Design,  Construction  and  Maintenance  Records: 

None. 

B.  Copies  of  Past  Inspection  Reports: 

1.  "Inspection  Report  by  New  Hampshire  Water  Resources  Board 
August  10,  1936  with  sketch  and  photos." 

2.  "Inspection  Report  by  New  Hampshire  Water  Resources  Board 
October  27,  1972." 

C.  Listing  of  Plans: 

Figure  1  -  Lower  Groveton  Dam 
Plan  -  Elevation 


•  • 


•  • 


• 


•  • 


•  • 


•  • 
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NEW  HAMPSHIRE  WATER  CONTROL  COMMISSION 
DATA  ON  WATER  POWER  DEVELOPMENTS  IN  NEW  HAMPSHIRE 


II  VTION 


AT  DAM  NO.  .JLl22.-r.02 


S  earn  . .’Jp.p3X..*zc.r.c.^s:~c . 

*Easin-Primary  . . . . i  Secondary 

^T^cal  Name  . 

i  ERAL  DATA 

Head-Max . ft.:  Min . ft.:  Ave . 2.Q^.7..'. . . 

I  ite  of  Construction  . ...:  Use  of  Power . . 

bondage  .  ac.  ft.:  Storage  . ... 

•VETCRIPTION 
1  :cks 

Size  of  Rack  Opening . 

11  lSize  of  Bar . . . . . :  Material  . . . . . 

Area:  Gross . . . Sq.  Ft.:  Net  . . 

I  ead  Gates 


Number . :  Size . ft.  high  x . ft.  wide 

Elevation  of  Invert . :  Total  Area . . . an.  ft 


;nstock 

Number . 1 . :  Material  . V.Jly.Qrf...!'. . 

—  Size . :  Lengt 

urbines 

Number  . 1 .  :  Makers  . T.7rJjl 

Rating  HP.  per  unit . :  Total  Capacity 

Max.  Dement  C.F.S.,  per  unit . :  T 


Generator 

Number 


Rating  KW.,  per  unit . . . . . . ..;  Total  Capacity 

exciter  *  •  . .  :./\y 

Number . . ......JiV  Make  . . 

Rating-per  unit  . . . ..:  Total  Capacity . . 

OUTPUT — KWHRS  r-  '  "  .  ' 


•  .  t  •  i  ■’ 

'  I  '•  «  •»** 


>  JNER 


.  u  n  av.  z  .t  czx . .  ?.a  zxq  r . .  .C  a . 


Leaker  ne..r  flume 


NEW  HAMPSHIRE  WATER  CONTROL  COMMISSION 
DATA  ON  DAMS  IN  NEW  HAMPSHIRE 


O  C'  -V  v 


)  ATION  STATE  NO.  „1=2.,02 . 

\ own  . Znr.ihur.;b.;:.r.l.'..n& . .  :  .County 5 .po s . . . . . 

Stream  . ^2S^...^3noosuc.. River . l^stenu^Ll . . 

1  tsin-Primary  . .C.ann.ec.-Lc.u.t . .'. . ^rrrSecondary  ......y.p.p.?.r....AraQ:a.Q.Q^..;c..Z . . 

Local  Name  . - . — 

<  jordinatea — Lat . 4  4 .?.  3  5.  •*•  • . .  A? . . . L .7.  QO. . :  Long . 7.1<!..3.Q.!....£....5.a5.Q . — 

^Reral  data 

Drainage  area:  Controlled . Sq.  Mi.:  Uncontrolled  .  Sq.  Mi.:  Total . 2a3. . Sq.  Mi. 

i  verall  length  of  dam  ..5.75.../ . ft.:  Date  of  Construction  . — 

Height:  Stream  bed  to  highest  elev . 22.../.... ft.:  Max.  Structure  . ?_5.....' .  ft. 

gost — Dam  . . . :  Reservoir  . . 

iESCRIPTION  Crib  t  i./oer  ■  and  stone  Foundation  earth  ^ 

"vaste  Gates 


Type 


Number  . . . :  Size  . ft.  high  x .  ft.  wide 

^  Elevation  Invert . :  Total  Area . sq.  ft. 


Hoist 


"  /aste  Gates  Conduit 

Number  . :  Materials 


Size . 

■ 

•rnbankment 

Type  . 


.ft. :  Length . ft. :  Area 


sq.  ft. 


, Height — Max .  ft.:  Min .  ft. 

—  Top — Width  . :  Elev . ft. 

Slopes — Upstream  .  on . :  Downstream  .  on  . 

Length — Right  of  Spillway  . :  Left  of  Spillway  . 

Spillway 

Materials  of  Construction  . . . . 

*  Length— Total  . 1L5.‘. . ft.:  Net  .  ft. 


Height  of  permanent  section — Max . ft.:  Min . s-tco— pi-vn.1: 

Flashboards — Type  ...p.ic;.ad...2...£na...s.e.cx.ion...v.r.enQy.a.’o.l:5Height . 

(5*  lop :*  4’  ni^n)  y 

Elevation — Permanent  Crest v . .’.Id.../ . .?... . :  Top  of  Flashboard 


■S't'Op“,pl”vnhp"’' . ft* 


§  Flood  Capacity  . S.3.Q.Q .  cfs.: . . cfs/sq.  mi. 

Abutments 

Materials:  . . 

Freeboard:  Max . S-J 0....™ . ft.:  Min . . .  ft. 

Headworks  to  Power  Devel. —  (See  “Data  on  Power  Development”) 

C  rVNER  . G.r.o^et.c.r:...P.2.nca:...C.o...t/ . 

REMARKS  Generally  cood  leal:  near  flume 

^er.ance  yes  Subject  to  inspection 


•  • 


m  -• 


m  • 


•  m 


•  • 


No. 182.02 


UPPER  AHU0N00SUC  RIVER  IN  NORTHUMBERLAND 
G-roveton  Paper  Co. 

August  10,  1936 


;■-  JiJl 


y.  r* 

K  ?  «» 


J, 


f  ~  :  *  jri  v 

?’  S*r.C .  -,V  ■; .  r  •"'  'Z’S&L  •«-  ' :  -»> : .  Nil 


*  *'  ~  V t  ' -yf  * ■*  »J?v* ‘  >T1*V'  '.fr*^*'.*  )■.,*•>  | 

*>v-'  v\>>\  ■-.  ',••;••  -  ’  •  '*  •*"  **•  .' 
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CALCULATION  SHEET 


No. 


Date . 

Made  B j . . 


N.  H.  WATER  RESOURCES  BOARD 
Concord,  N.  H.  03301 


DAM  SAFETY  INSPECTION  REPORT  FORM 


Town:  _ vnrt-hi^wi  _ Dam  Number: _ 182.0? _ 

Inspected  by:  Robert  B.  Chamberlin _  Date:  _ Oct.  27  19  72 

Local  name  of  dam  or  water  body:_ _ 

Owner :_ _ Grove  ton  Paper  Co. _  Address:  Groveton.  N.H. _ 

Owner  was/was  not  interviewed  during  inspection. 


Drainage  Area: 

263 

sq. 

mi 

.  Stream:  Upper  Ammonoosuc  River 

Pond  Area: 

30 

Acre, 

Storage  Ac-Ft.  Max.  Head  io  Ft 

Foundation: 

Type 

Earth 

_> 

Seepage  present  at  toe  -  Yes/llo, 

Spillway: 

Type 

Crib, 

stone 
timber  & 

Freeboard  over  perm,  crest:  6 

Width_ 

115' 

_) 

Flashboard  height  None  in  sight 

Max.  Capacity  6300 _ c.f.s. 

Embankment:  Type _ _ ,  Cover  Width _ _ 

Upstream  slope _  to  1;  Downstream  slope _ to  1 

Abutments:  Type  Tno,  rri^ _ ,  Condition:  Good,  Fair,  Poor 

2-11'  x  14' 

Gates  or  Pond  Drain:  Size  1-12  x  14'  Capacity  _ Type  T.ift  gat es 

Lifting  apparatus  Rack  &  pinion _ Operational  condition _ 

Changes  since  construction  or  last  inspection:  After  1944  Nash,  Rqq-  failuxa. 

power  house  removed  from  right  abutment  and  abutment  filled  and  riprnpped, _ 


sheathing  in  right  gate  repaired  with  1/4"  steel  plate. 

Downstream  development: _ 

This  dam  would/would  not  be  a  menace  if  it  failed. 

Suggested  reinspection  date:  _ _ _ 

Remarks :  Dam  is  in  good  condition. _ 


[_G*tR  G?CVE1  ON  CAM 
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m.  VIEW  OF  DOWNSTREAM  CHANNEL  AND  RIGHT 


RAILROAD  BRIDGE  ABUTMENT 
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APPENDIX  D 

HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 
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DUFRESNE-HENRY  ENGINEERING  CORPORATION 


•  by  A .  QgHR.T'OftKy _  subject  Lovoeg- _ &g.o\/eTou  Dam  sheet  no.  of  . 
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